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Increased albumin excretion detectable only by sensitive immunoassay (rnicroalbuminuria)' has been used for some years as a predictor of incipient nephropathy and cardiovascular disease in diabetic patients.v" Microalbuminuria has also been associated with hypertensiorr':" and increased risk of cardiovascular disease in non-diabetic patients.?" Microalbuminuria occurs in response to acute inflammatory conditions such as ischaernia.v'? trauma and thermal injury, II surgery;'? pancreatitis;'? and inflammatory bowel disease." In many of these conditions albumin excretion increases within minutes or hours of the initiating stimulus and only lasts for 24 to 72 h. The degree of microalbuminuria is proportional to the severity of the inflammatory insult,II,12,14 is predictive of outcorne.P:" and is not associated with any other features of renal impairment.
There is increasing evidence to support an association between microalbuminuria and systemic vascular endothelial damage. For example both markers of endothelial damage, 16 and increased albumin transcapillary escape rate, an indicator of vascular endothelial permeability, have been noted in association with microalbuminuria in diabetic patients," and patients with essential hypertension." Furthermore, increased albumin transcapillary escape occurs within 6 h of surgery!" at a time when microalbuminuria is also maximal.F Trauma, ischaemia or sepsis initiate a systemic response in which inflammatory mediators (e.g. thromboxane A2, tumour necrosis factor, leukotriene B 4 , interleukins 1-8, oxygen-derived free radicals and activated complement) are released which can lead to white cell activation. Activated polymorphonuclear neutrophils can accumulate at the inflammatory site causing damage by obstructing the microvasculature, interacting with the vascular endothelium or by the release of soluble mediators into the systemic circulation. 19 Whichever pathways are implicated in different conditions the net result is an increase in vascular permeability to large molecules both locally and systemically.
Theoretically the kidney is ideally placed to amplify small changes in systemic vascular permeability. The glomerular membrane provides a large surface area lined with fenestrated endothelium receiving 25% of the cardiac output. Of the 70 kg of albumin which pass through the kidneys every 24 h, only a very small proportion passes into the renal tubule under normal circumstances. Reports vary as to the precise amount of albumin filtered daily but generally agree that less than O· 1 to 0·01 % of plasma albumin reaches the glomerular ultrafiltrate 20-22 representing less than 7 g of albumin every 24 h. Almost all filtered albumin is reabsorbed by the renal tubule involving a high affinity low capacity endocytotic mechanism.P with typically 10 mg/24 h appearing in the urine (upper limit of normal approximately 30 mg124 h). Assuming only 1 g of albumin is filtered every 24 h the theoretical result of a 10;0 increase in systemic vascular permeability in response to an inflammatory stimulus, would be to allow an additional 10 mg of albumin to pass into the filtrate. Since the tubular mechanisms for albumin reabsorption are near saturation, urinary albumin excretion would increase from 10 to approximately 20 mg124 h. Thus, a 1% increase in vascular permeability is amplified by the kidney and converted into a doubling of urinary albumin excretion. Although this mechanism is speculative there is experimental evidence in a hamster cheek pouch model linking increased renal and systemic vascular permeability to macromolecules. Following laparotomy, intravital microscopy of the hamster cheek pouch reveals increased microvascular permeability to fluorescein-labelled large molecular weight dextrans with a simultaneous increase in glomerular permeability to dextrans >70000 Da. 24
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There are many potential applications for a non-specific but rapid and sensitive renal response to inflammatory stimuli. Microvascular failure is a terminal event in multiple organ failure'? and serial monitoring of microalbumin excretion may provide an early indicator of life-threatening microvascular dysfunction. Within 24 h of severe trauma pulmonary dysfunction is correlated with increased micro albumin excretion-l-" and following elective surgery for aortic aneurysm, 4 h post operative albumin excretion is predictive of pulmonary dysfunction occurring 24 h later." After less extensive local ischaemia such as myocardial infarction or exercise-induced muscle ischaemia in patients with intermittent claudication, the degree of microalbuminuria reflects disease severity.v'? In claudicants successful arterial reconstruction reduces the microalbuminuric response to exercise. 27 Since microalbuminuria is not solely a feature of subclinical nephropathy, but is also associated with changes in systemic vascular permeability in a wide variety of conditions, it is not surprising that there have been conflicting reports about the predictive value of microalbuminuria for cardiovascular disease in population studies.7,28 However, despite the lack of specificity of microalbuminuria response to inflammation, serial monitoring of micro albumin excretion may have a useful role both as a sensitive monitor of the remote vascular-damaging effects of local injury or ischaemia, and as a measure of the efficacy of therapies designed to protect the systemic vasculature.
